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ABSTRACT
IGR J17091-3624 is a low mass X-ray binary (LMXB) which received wide attention
from the community thanks to its similarities with the bright black hole system GRS
1915+105. Both systems exhibit a wide range of highly structured X-ray variability
during outburst, with time scales from few seconds to tens of minutes, which make
them unique in the study of mass accretion in LMXBs. In this work we present a
general overview into the long-term evolution of IGR J17091-3624, using Swift/XRT
observations from the onset of the 2011–2013 outburst in February 2011 to the end of
the last bright outburst in November 2016. We found 4 re-flares during the decay of
the 2011 outburst, but no similar re-flares appear to be present in the latter one. We
studied in detail the period with the lowest flux observed in the last 10 years, just at
the tail end of the 2011-2013 outburst, using Chandra and XMM-Newton observations.
We observed changes in flux as high as a factor of 10 during this period of relative
quiescence, without strong evidence of softening in the spectra. This result suggests
that the source has not been observed at its true quiescence so far. By comparing the
spectral properties at low luminosities of IGR J17091–3624 and those observed for a
well studied population of LMXBs, we concluded that IGR J17091–3624 is most likely
to host a black hole as a compact companion rather than a neutron star.
Key words: accretion discs, stars: black holes, stars: low-mass, X-rays: binaries,
X-rays: individual: IGR-J17091-3624
1 INTRODUCTION
Among the whole population of binary systems in the uni-
verse, LMXBs are one of the best targets to study the
accretion processes occurring in extreme physical regimes.
These systems are formed by a low-mass star orbiting a
compact object, which can be either a Neutron Star (NS)
or a Black Hole (BH), that accretes matter from its low-
mass stellar companion by Roche-lobe overflow. Depending
on the amount of mass transferred to the compact object,
LMXBs will exhibit different accretion states during their
lives. The extremes of these accretion regimes are the so-
called outburst and quiescence states, characterized by high
and low X-ray luminosity, respectively. During outburst,
LMXBs have been observed at very high luminosities in the
0.5 - 10 keV band, within a range of 1034 - 1039 erg s−1. In the
quiescent state, when very low or no mass accretion takes
place, their luminosities are as low as 1030 - 1033 erg s−1 (e.g.
Wijnands et al. 2015, 2013; Reynolds et al. 2014; Plotkin
et al. 2013; Heinke et al. 2008; Jonker et al. 2007; Remil-
lard & McClintock 2006 and references therein). Although
many observational properties of LMXBs at high luminosi-
ties are relatively well understood, given the current sensi-
tivity of X-ray instruments the spectral behavior of LMXBs
at luminosities . 1034erg s−1 is less clear (Wijnands & De-
genaar 2013; Yang 2016; Christodoulou, et al. 2018). GRS
1915+105 is one of the well known LMXBs whose behavior
at the high luminosity regime is fairly well characterized and
extensively studied in outburst (Belloni et al. 2000). Since
the discovery outburst in 1992 (Castro-Tirado et al. 1992),
an exponential decay of its X-ray emission has been observed
a few times (Negoro, et al. 2018). The source also exhibited
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an unusual low flux state last year (Homan, et al. 2019),
with short X-ray and bright radio flares (Balakrishnan, et
al. 2019; Koljonen, et al. 2019; Ridnaia, et al. 2019, and
references therein). More recently, evidence of renewed ac-
tivity in the microquasar has been observed by INTEGRAL
and MAXI instruments (Lepingwell, et al. 2020; Aoki, et al.
2020). GRS 1915+105 is a very peculiar BH binary that ex-
hibits a complex X-ray variability in time scales from few
seconds to tens of minutes. Its X-ray light curve shows sev-
eral quasi-periodic oscillations at high and low frequencies,
often associated with the existence of instabilities in the ac-
cretion disk (e.g. Janiuk et al. 2000). Over the last decades,
only two other LMXBs have exhibited some of the exotic
variability observed in GRS 1915+105: the BH candidate
IGR J17091-3624 and the NS MXB 1730-335 (Altamirano
et al. 2011; Bagnoli & in’t Zand 2015; Maselli, et al. 2018).
Although both sources have experienced quiescent periods
in the past, to characterize their behavior in this state re-
quires detailed observations at very low luminosities which
had been only possible for IGR J17091-3624 (see e.g. Wij-
nands et al. 2012).
IGR J17091-3624 has shown multiple outbursts from
the time of its discovery in 2003 (Revnivtsev et al. 2003;
Capitanio et al. 2006). For the last two of its outbursts, an
extensive observing campaign was performed by the current
X-ray missions. During these two outbursts at least nine
variability classes were identified to resemble those previ-
ously seen in GRS 1915+105 (Altamirano et al. 2011; Cap-
itanio et al. 2012; Pahari et al. 2013; Zhang et al. 2014;
Court et al. 2017). The presence of extreme winds in the
accretion disk, similar to those observed in GRS 1915+105,
associated to its quasi-periodic variability, has also been re-
ported (by King et al. 2012; Janiuk et al. 2015). The tran-
sient nature of IGR J17091-3624 allowed X-ray missions to
also observed it at very low count rates, in the so called
quiet periods. The first quiet period was observed by XMM-
Newton in 2006 and 2007, with only two observations per-
formed at that time, as reported by Wijnands et al. (2012).
For the second quiet period, at the very tail end of the 2011
outburst, five observations were performed by Chandra and
XMM-Newton instruments at different epochs. Additionally,
Swift/XRT observations provided a very nice coverage of its
transition from outburst to quiescence, making the source
particularly interesting to study the low-level accretion in
X-ray binaries.
Although it is well known that a large number of
LMXBs spend most of their life in a dormant state, with
very weak or zero mass accretion, the definition of this qui-
escent state in BH binaries is still matter of debate. To de-
fine an upper limit for low accretion regimes, parameters
like the normalized Eddington X-ray luminosity lx (with lx
= Lx/LEdd, where Lx is the X-ray luminosity from 0.5 to 10
keV and LEdd = 1.26 × 1038 [M/M] erg s−1 for ionized hy-
drogen) are commonly used (Remillard & McClintock 2006;
Plotkin et al. 2013). Under these assumptions, a 10M BH
with lx∼ 10−8.5-10−5.5, corresponding to Lx∼ 1030.5-1033.5erg s−1,
is considered to be in a quiescent state. The low X-ray flux
observed in this regime has been generally associated to ra-
diatively inefficient accretion flows (RIAF; see Narayan & Yi
1994; Narayan & McClintock 2008, and references therein)
and the observed correlation between the X-ray flux and the
presence of radio jets proposed by Fender et al. (2003); Gallo
et al. (2006); Miller-Jones et al. (2008) has also become an
interesting scheme to explain the spectral properties of X-
ray binaries in quiescence (Miller-Jones et al. 2011; Plotkin
et al. 2016). The conditions under which they reach the true
quiescent state are not well understood either. Reflaring ac-
tivity or mini-outburst episodes have been widely detected in
many LMXBs, with different timescales and brightness, but
very little is know about the physical mechanisms that gen-
erate them (see e.g. Lasota J.-P. 2001; Patruno et al. 2009;
Parikh & Wijnands 2017; Patruno et al. 2016). To anal-
yse how the quiescent stage is influenced by the transition
from outburst to quiet periods, requires a detailed charac-
terization of the long term variability like the one presented
here. We have studied the X-ray emission of IGR J17091-
3624, outside the outburst regime, by following its transition
towards quiescence. We characterised the long-term X-ray
variability observed in the source after the main outburst
in 2011 and analysed the spectral properties at the lowest
luminosity period observed over the last decade. Finally we
pointed out the differences observed in the X-ray properties
of the source during its last two outbursts and discuss the
implications of our results in the context of previous findings
for this source and other LMXBs.
2 OBSERVATIONS
To characterize the time evolution of IGR J17091-3624 X-
ray flux during its last two outbursts we used data obtained
with the Swift/XRT instrument (Burrows, et al. 2000), on
board of the Neil Gehrels Swift Observatory (Gehrels et al.
2004), performed between February 2011 (MJD 55595) and
November 2016 (MJD 57690). To study the transition of
the source towards quiescence we selected archived Chandra
(Weisskopf 1999) and XMM-Newton (Barre´, Nye & Janin
1999) observations performed within June - October of 2013.
These data, presented here for the first time, correspond to
the five last months of the 2011-2013 outburst (for further
information about the behaviour of the source in outburst we
refer to Gatuzz, et al. 2020; Radhika, et al. 2018; Xu, et al.
2017; Court et al. 2017; Grinberg et al. 2016 and references
therein).
2.1 Swift
2.1.1 Light curve
We retrieved the X-ray light curve from Swift observations
using the Swift-XRT data products generator (see Evans et
al. 2009; Evans, et al. 2007). Considering a snapshot binning
method (a single and continuous on-target exposure of 300-
2700s) we extracted a 0.3-10 keV long term light curve from
MJD 55500 to MJD 58200, which includes the outburst on-
set in February 2011 (MJD 55595) and the last Swift/XRT
observations of IGR J17091-3624 in 2018 (MJD 58151). In
the light curve presented in Fig. 1 black circles correspond
to detections above 3σ. Upper limits are mark with black ar-
rows, usually associated to observations at low count rates
with short exposure times (≤ 400s).
MNRAS 000, 1–14 (2020)
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Figure 1. Top: Swift/XRT long-term light curve of IGR J17091-3624 in the 0.3-10 keV band, showing the last two outbursts experienced
by the source in February 2011(MJD 55595) and February 2016(MJD 57445). Bottom: Zoom in on the re-flare period of the source
observed at the tail end of the 2011 outburst. Four different re-flares are clearly seen, the peaks are marked with blue circles. Black
arrows indicate Swift/XRT 3−σ upper limits. Gray shaded areas correspond to the times when the source was not observed by Swift/XRT
due to Sun constraints. The dashed red and solid yellow vertical lines in the bottom panel indicate the times when Chandra and XMM-
Newton observations were performed, respectively. Please refer to sections 4.1 and 4.2 for a detailed description of this figure.
2.1.2 XRT spectra
The data were downloaded from the HEASARC archive and
processed using the xrtpipeline tool. We extracted the spec-
tra using XSelect. A source region of 40 arcsec centred on
the source location was used. An annular background region
(also centred on the source location) having an inner radius
of 150 arcsec and an outer radius of 250 arcsec was used.
The ancillary response files were created using the xrtmkarf
tool and the appropriate response matrix files, as suggested
by the tool, were used. The spectra were binned to have
a minimum number of 10 counts per bin for data taken in
the Window Timing (WT) mode and 2 counts/bin for data
taken in the Photon Counting (PC) mode.
2.2 XMM-Newton
2.2.1 EPIC spectra
The data were acquired with the European Photon Imag-
ing Camera (EPIC) using the MOS and pn CDD arrays
in full frame configuration and the thin optical blocking
filter (Stru¨der, et al. 2001; Turner, et al. 2001). We used
a 33.7 ks observation performed on September 12th, 2013
(MJD 56547). Observation IDs (OBSIDs), energy range and
count rates used for each camera are presented in Table 1.
To obtain the event files lists, we reprocessed the Original
Data Files (ODFs) using epproc task from XMM-Newton
Science Analysis System (SAS) v.1.2, adopting standard
procedures1. Due to high energy particle background events
detected at the end of the observation, we excluded the last
10ks from the EPIC/pn data and 4ks from those of the MOS
cameras. The source spectrum was extracted with xmmse-
lect using a circular region of 25” centred on the source. To
estimate the background contribution we used a 50” arcsec
annulus region around the source position, with an inner
radius of 30”, excluding the source extraction region. Redis-
tribution matrix and ancillary files were created using rm-
fgen and arfgen, respectively. All the spectra were grouped
to contain at least 15 counts per bin. Due to the very low
count rates at the time of the observation, data from the Re-
flecting Grating Spectrometer were not considered for this
analysis.
2.3 Chandra
We retrieved four observations from the Chandra Data
Archive. The data were acquired with the Advanced CCD
Imaging Spectrometer S-array (ACIS-S; Garmire, et al.
2003) operating in a Faint Timed Exposure mode, and the
High Energy Transmission Gratings (HETGS) in the focal
plane with the zeroth-order flux incident in the S3 chip.
The HETGS on board of Chandra consists of two sets of
gratings: the Medium Energy Grating (MEG) and the High
Energy Gratings (HEG), optimized for medium energies
1 https://www.cosmos.esa.int/web/xmm-newton/sas-threads
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Table 1. Log of the Chandra and XMM-Newton observations.
OBS ID Date Exp. time Telescope Energy Range Count Rate Total
(DD/MM/YYY) (ks) Instrument (keV) (10−3 cts s−1) No. of Counts
Chandra
14658 04/07/2013 39.3 ACIS/HETGS(HEG) 0.8 − 10 9.1 ± 0.5 394
ACIS/HETGS(MEG) 0.4 − 5 11.1 ± 0.1 467
ACIS/HETGS(Zeroth) 0.4 − 10 29 ± 1 1132
14659 05/08/2013 40.5 ACIS/HETGS(HEG) 0.8 − 10 0.5 ± 0.2 30
ACIS/HETGS(MEG) 0.4 − 5 1.5 ± 0.3 85
ACIS/HETGS(Zeroth) 0.4 − 10 2.9 ± 0.3 125
14660 23/09/2013 42.2 ACIS/HETGS(HEG) 0.8 − 10 0.9 ± 0.2 56
ACIS/HETGS(MEG) 0.4 − 5 2.8 ± 0.3 138
ACIS/HETGS(Zeroth) 0.4 − 10 3.0 ± 0.3 138
14661 26/10/2013 39.2 ACIS/HETGS(HEG) 0.8 − 10 2.4 ± 0.3 136
ACIS/HETGS(MEG) 0.4 − 5 3.1 ± 0.4 156
ACIS/HETGS(Zeroth) 0.4 − 10 7.2 ± 0.4 296
XMM-Newton
33.7 EPIC(PN) 0.2 − 15 23.9 ± 0.8 807
0721200101 12/09/2013 39.8 EPIC(MOS1) 0.2 − 15 6.1 ± 0.5 346
39.2 EPIC(MOS2) 0.2 − 15 6.9 ± 0.5 405
and high energies respectively. We created event files us-
ing chandra repro script from Chandra Interactive Analy-
sis of Observations (CIAO) 4.8 and the Calibration Data
Base (CALDB) 4.7.0 software, following standard analysis
threads2. Energy ranges and final count rates for each spec-
trum are described in Table 1.
2.3.1 HETGS zeroth order spectra
To extract zeroth-order grating spectra we used spectex-
tract CIAO tool, following standar procedures3. We used
a circular spatial region of 6.5”, centered in the zeroth
order location automatically selected by tgdetect in the
chandra repro script, to obtain the source spectrum. The
ancillary and response files were generated by specextract
during spectra extraction. All the spectra were grouped to
contain at least 15 counts per bin.
2.3.2 HETGS first order spectra
We extracted pha2 files for both gratings using tgex-
tract2 4 CIAO tool. The REGION block of the pha2 file was
used to extract the source dispersed flux. We estimated the
background considering a extraction region of the same size
of that used for the source. The background flux was es-
timated from the events with cross-dispersion contained in
2 http://cxc.harvard.edu/ciao/threads/spectra hetgacis
3 http://cxc.harvard.edu/ciao/ahelp/specextract.html
4 http://cxc.harvard.edu/ciao/ahelp/tgextract2.html
the regions lying above and below the source extraction re-
gion. The source and background first order spectra from
the HEG and MEG, as well as their corresponding redistri-
bution matrix and ancillary files, were obtained using tgsplit
and mktgresp, respectively. To increase the signal to noise of
the extracted spectra we combined the -1 and +1 orders for
each arm using combine grating spectra.
3 DATA ANALYSIS
The spectral fitting was conducted with XSPEC
v.12.9.0 (Arnaud 1996). We used χ2 statistics to fit
Swift/XRT, EPIC and HETGS zeroth order spectra. When
HETGS first order spectra and Swift/XRT spectra with the
lowest count rates (2 counts/bin) were considered, we used
cash statistics.
Only for the EPIC data, the highest quality data, it was
possible to analyse five different emission models that are
commonly used to describe LMXBs spectra: a power law
photon spectrum (POWERLAW), thermal bremsstrahlung
(BREMSS), black body radiation (BBODY), accretion
disk/multi-black body emission (DISKBB) and a NS hydro-
gen atmosphere model (NSATMOS). We included the effect
of neutral hydrogen absorption NH using the TBABS model
Version 1.0 with default XSPEC abundances (Wilms et al.
2000) and cross-sections (Verner et al. 1996). To give the
reader an idea of the quality of our data at the lowest count
rates, the best-fitting for EPIC/pn spectra is presented in
Fig. 2 compared to previous studies data at similar count
rates (Wijnands et al. 2012).
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The X-ray flux was calculated considering different energy
ranges, according to the instruments responses, using the
convolution model CFLUX. Since the distance to the source
is unknown, to estimate its luminosity we considered dis-
tances commonly used in previous works, which place the
source between 8 kpc and 35 kpc. The errors reported here
are at a 90% confidence level unless otherwise stated. In the
following sections, we present a detailed description of the
spectral analysis performed for each data set individually.
3.1 Swift/XRT data
From the light curve presented in Fig. 1 we see that there is
a remarkable difference in the flux level of Swift/XRT data
along the transition period, from outburst to quiescence,
that have to be considered carefully. Although we confirmed
that for the highest count rates was feasible to use two
component models (black body + power law) to fit the
data, this was not necessarily the case for those data sets
with the lowest count rates. By using the same models
to fit both types of data sets (high and low count rates),
we found that for the low count rates data the model
fitted always becomes insensitive to the additional model
component. According to XSPEC manual this result
means that the fit is unable to constrain the parameter
and it should be considered indeterminate, which usually
indicates that the model is not appropriate. In order to be
consistent in comparing the spectral properties of the X-ray
emission at different flux levels, we decided to use only
single component models to fit all Swift/XRT observations
along the decay period of IGR J17091-3624. Under this
assumption, we found that an absorbed power-law spectra
fits consistently to all Swift/XRT observations. From this
model we estimate fluxes in the 0.7–10 keV energy range
for the WT mode data5 and the 0.5–10 keV energy range
for the PC mode data. Both the NH and the photon index
(Γ) were free to vary during the fitting as this was necessary
to compare with the results reported by Wijnands et al.
(2015). Data for which the error bars on Γ exceeded 0.5
were discarded. The results are discussed in sections 4.2
and 5.5.
3.2 XMM-Newton/EPIC data
With the XMM-Newton observations, corresponding to the
lowest flux observed from the source during the 2011-2013
outburst decay, we were able to investigate if the source ac-
tually reached quiescence by considering the most commonly
used models for LMXBs at this stage: BREMSS and POW-
ERLAW spectral shapes. We fitted the three EPIC spec-
tra simultaneously, for the 0.5-10 keV energy range, with
NH value linked between observations and all the param-
eters varying freely during the fitting. We used indepen-
dent normalization parameters for the MOS and pn CCD
cameras. For the BREMSS spectral shape no good fit was
found, the model errors were always above 50% of the esti-
mated value. We obtained the best-fitting to our data using
the absorbed POWERLAW model with NH = 1.1 ± 0.2 ×
5 http://www.swift.ac.uk/analysis/xrt/digest cal.php
1022 cm−2, in excellent agreement with the outburst value
reported by Rodriguez et al. (2011) from Swift/XRT and
INTEGRAL/ISGRI data. We estimated an absorbed flux
value of 1.4 ± 0.2 × 10−13 erg s−1 cm−2 in the 0.5 - 10 keV
energy band, with a hard photon index Γ = 1.6 ± 0.1, consis-
tent with previous findings for the quiet period in 2006-2007
from Wijnands et al. (2012).
We also used EPIC data to investigate the possible con-
tribution of a thermal component to the X-ray spectra,
expected to be observed in neutron star LMXBs in qui-
escence but not for the case of BH systems (Bildsten &
Rutledge 2001). From all observations at the lowest count
rates, only EPIC/pn data were considered for this attempt
given its higher count rates and statistical significance com-
pared to EPIC/MOS and Chandra/HETGS data sets. For
EPIC/pn spectra we added a thermal component to the
POWERLAW fitting, considering BBODY, DISKBB and
NSATMOS spectral shapes, independently. Estimated er-
rors were above 50% of the estimated value for the temper-
ature of the thermal component in all cases, likely caused
by the fit being insensitive to the parameter. An F-test ap-
plied to compare POWERLAW with multiple component
models yields a probability value of 0.85, 0.98 and 0.74 for
the BBODY+POWERLAW, DISKBB+POWERLAW and
NSATMOS+POWERLAW models, respectively, which indi-
cates that adding an extra model to the fitting does not im-
prove the modeling of the spectra. Similar to our Swift/XRT
results, for data with the lowest count rates, we conclude
that multiple component models are not appropriate to fit
these observations.
3.3 Chandra/HETGS data
From each Chandra observation we obtained three different
spectra: 1 zeroth order spectrum and 2 more spectra from
each arm of the HETGS (first order of HEG and MEG). To
account for the limited quality of the first order spectra, we
performed a two-step spectral fitting as follows:
i.- We first fit the 3 HETGS zeroth order spectra simulta-
neously, considering a powerlaw model with NH value linked
between observations and all the parameters varying freely
during the fitting. We obtained an NH = 1.1 ± 0.2 × 1022
cm−2, consistent with that obtained from XMM-Newton ob-
servations (our higher quality data).
ii.- To better constrain the photon index values in the mod-
els, we add the first order spectra to the fitting. Given the
low count rates of the first order spectra, we used cash statis-
tics to fit the data in this case, fixing NH to 1.1 × 1022 cm−2
and fitting simultaneously the 3 spectra (1 zeroth order and
2 first order spectra).
iii.- We performed the model fitting for each observation,
independently.
The log of the observations for all Chandra/HETGS and
XMM-Newton data sets, as well as the results for the best-
fitting model (powerlaw), are presented in Table 1 and 2.
4 RESULTS
We present the Swift/XRT long term X-ray light curve
of IGR J17091-3624 from February 2011 to February 2018
MNRAS 000, 1–14 (2020)
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Figure 2. We compare here the XMM-Newton EPIC/pn spectrum from Wijnands et al. (2012, left) to the XMM-Newton EPIC/pn
spectrum of IGR J17091-3624 at the low luminosity period in 2013 (right), to illustrate the higher statistics obtained from our data set.
The solid line through the data points is the best-fitting absorbed power-law model.
Table 2. Model fitting results for the low luminosity period, at 90% level of confidence.
MJD OBS ID No. Spectra NH Γ Fabs
† Funabs†
Fitted (1022 cm−2) (10−13erg s−1 cm−2) (10−13erg s−1 cm−2)
Chandra
56478 14658 3 Fixed to 1.1 1.2 ± 0.1 25 ± 1 31 ± 1
56509 14659 3 Fixed to 1.1 1.6 ± 0.3 2.4 +0.6−0.7 3.5 +0.5−0.4
56558 14660 3 Fixed to 1.1 1.9 ± 0.2 2.5 +0.4−0.3 4.2 ± 0.5
56591 14661 3 Fixed to 1.1 1.3 ± 0.2 6.1 +0.7−0.6 8.0 +0.7−0.6
XMM-Newton
56547 0721200101 3 1.1 1.6 ± 0.1 1.4 ± 0.2 2.3 +0.3−0.6
† Flux values correspond to the 0.5-10 keV energy band.
in the top panel of Fig. 1. The light curve clearly shows
the last two outbursts of the source and the low luminosity
period following the 2011. We also identify 4 re-brightening
events or re-flares in the light curve. A zoom in on the light
curve is presented at the bottom panel of Fig. 1, showing
the transition of IGR 17091-3624 from the 2011 outburst
towards the lowest luminosity period of the source in
2013. The green and red lines indicate the times at which
XMM-Newton and Chandra observations were performed,
respectively. We used these five observations, one from
XMM-Newton and four from Chandra, to characterize the
X-ray emission of IGR 17091-3624 at the lowest count rates
observed in 2013.
4.1 Long term evolution
The first Swift/XRT detection of IGR J17091-3624 in 2011
corresponds to the outburst onset on 3th of February (MJD
55595). After 22 days (MJD 55616) the flux increased to
its maximum value and remained approximately constant
for the next 245 days, with an average count rate of ∼ 38
cnts s−1. Due to Sun constraints, from October 26, 2011
(MJD 55860) no observations were performed by Swift
until after January 26, 2012 (MJD 55952). At this point we
observed a steady decrease in the X-ray emission, which
reached a minimum count rate of ∼ 1.8 cnts s−1 on May
10, 2012 (MJD 56057). We identified 4 re-flares peaking
at June 2012, October 2012, April 2013 and July 2013,
corresponding to MJDs 56098, 56225, 56385, and 56478,
respectively. Before the 2016 outburst onset, from the last
Swift/XRT detection of IGR J17091-3624, we estimated the
lowest count rate for this source to be ∼ 10−2 cnts s−1 in
September 10, 2013 (MJD 56545).
In February 26, 2016 (MJD 57444) evidence of renewed
activity in IGR J17091-3624 was detected by Swift/BAT
(Miller et al. 2016), which implies a quiet period of ∼ 900
days. The flux of the source increased gradually, in the
following 26 days, reaching a maximum count rate of ∼ 34
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cnts s−1 on March 23 (MJD 57470). After May 09, 2016
(MJD 57517) the outburst decay period started with a fast
decrease in the source flux observed from May to October
2016 (MJD 57517 to MJD 57663), just before the next Sun
constrained period. The last Swift/XRT observation of IGR
J17091-3624 was performed on February 3rd, 2018 (MJD
58152) with ∼ 3.5 × 10−2 cnts s−1, being the lowest count
rate reported for its 2016 outburst.
We found that during the 2011-2013 outburst the X-
ray emission of IGR J17091-3624 remained at a relatively
high flux level, above outburst onset value (∼5 × 10−10 erg
cm−2 s−1), for approximately 7.5 times longer than it did
in 2016. We estimated similar peak count rates for both
outbursts at their highest luminosity period (∼38 cnts s−1).
However, the flux’s decay was steeper in the 2016 outburst.
We note that the flare-like behavior is only observed during
the decay of the 2011-2013 outburst, but we are aware that
no continuous observations were performed by Swift/XRT
between October 4th, 2016 (MJD 57665) and February 3rd,
2018 (MJD 58152), when the source might have exhibited
this variability again. Moreover, the count rate of ∼ 1.8 cnts
s−1 at the beginning of the re-flaring period in the 2011-2013
outburst is 2 orders of magnitude higher than the lowest
count rate observed following the decay period of the 2016
outburst (∼ 2 × 10−2 cnts s−1). If any re-flare occurred after
the observed decay period of the 2016 outburst, they would
have started at significantly lower flux levels (∼ 4× 10−12 erg
cm−2 s−1 from the last outburst, compared to the ∼ 7× 10−10
erg cm−2 s−1 of the former). We summarize these results in
Table 3.
4.2 Re-flaring activity
For the study of the re-flares properties, whose detailed
analysis is out of the scope of this work, we only focus on the
periods when the higher and lower count rates were observed
for each re-flare independently. We assumed that these pe-
riods represent the maximum and minimum change in the
photon index Γ, or spectral shape, for the corresponding
change observed in the X ray flux of the source as it fades
to relative quiescence. In Fig. 3 we present the re-flaring pe-
riod experienced by IGR J17091-3624 at the tail end of its
2011-2013 outburst, between May 2012-October 2013 (MJD
55952 to MJD 56595), using the X-ray fluxes (top panel) and
photon index values (bottom panel) obtained from model fit-
ting described in Section 3. We plot and analyse the four re-
flares, identified in Fig. 1, by taking the highest and lowest
values from the fluxes estimated for each re-flare indepen-
dently. The data used for this purpose are presented in Table
3. We found the time difference between the peaks of the re-
flares (∆t) to be ∼ 127, ∼ 160 and ∼ 93 days. We found no
evident periodicity in the occurrence of these re-flares, but
we note that the time period between the 2nd and 3rd re-
flares was not properly covered due to a Sun constraint and
that 4 events might be too small a sample to look for a pe-
riodicity. We note that during the reflaring activity the flux
level of IGR J17091-3624 remains always below the value
reported by Krimm & Kennea (2011) at the outburst onset
in 2011 (indicated by the black dotted line). For the X-ray
emission of the source in the 0.5-10 keV band, we found that
fluxes on the peaks of the first three re-flares are 2 orders
of magnitude higher than the X-ray flux obtained from the
peak of the 4th re-flare. Although changes in the flux level
are evident in the light curve, changes in the spectral shape
of the X-ray emission are not that clear. We estimated an
average photon index value (Γ) for the highest and lowest
flux values reached during the 4 re-flares. We found Γ = 1.5
± 0.1 for the peaks, while Γ = 1.4 ± 0.2 for the lowest fluxes.
We conclude that there are not significant changes in the
photon index along the re-flare period, despite the observed
changes in flux seen on each re-flare.
4.3 The low luminosity period
After the 3rd re-flare, the X-ray emission of the source
dropped significantly and Swift/XRT spectral modelling
only yields an upper limit for the flux of the source. Once the
X-ray flux increased during the 4th re-flare, it was possible
to model the spectra with a POWERLAW model. However,
the errors on the values obtained were large (above 30% of
the estimated value, with errors in Γ ≥ 0.5) and therefore
we decided to excluded these data (all observations in the
period MJDs 56420-56570) from our spectral analysis.
We instead analysed 4 Chandra/HETGS and 1 XMM-
Newton/EPIC observations that were performed with higher
sensitivity in the same period of time. The data cover a 5
month period, between June and October 2013 (MJD 56477
to MJD 56592), 2.2 years after the 2011-2013 outburst on-
set in February 2011 and 2.3 years before the source renewed
outburst activity in February 2016. We present in Fig. 4 the
temporal evolution of the X-ray emission of the source dur-
ing this period. Chandra and XMM-Newton observations are
labelled in red and green, respectively. In order to put our
results in the context of previous findings, we indicate with
a purple dashed line the lowest flux level and photon index
value reported by Wijnands et al. (2012) for the previous low
luminosity period of the source observed in 2006 and 2007
(9±5 × 10−14 erg s−1 cm−2, Γ = 1.6 ± 0.5). In the top panel we
present our flux estimates, showing the peak of the 4th re-
flare experienced by IGR J17091-3624 at MJD 56478 (July
5th, 2013), and the subsequent decay of its X-ray emission.
From the Chandra observation performed on MJD 56478, at
the peak of the 4th re-flare, we estimated a flux value of ∼
3.1 × 10−12 erg s−1 cm−2. In the following 70 days the flux de-
creases by a factor of 10, when the source reached its lowest
observed flux on September 2013, with a value of ∼ 0.23 ×
10−12 erg s−1 cm−2 in the 0.5 - 10 keV band. In the following
40 days the flux of the source increased again, this time only
by a factor of 5, as seen by the last Chandra observations
before the Sun constrained period started in October 2013.
Since no observations were available after MJD 56600, we
cannot discard the possibility that the observed increase in
the flux is related to a new re-flare happening at the very
end of the 2011-2013 outburst.
The corresponding photon index values obtained from
these five observations are shown in the bottom panel of Fig.
4. Although we observed a factor of 5 to 10 change in the flux
levels, corresponding changes in the photon index are not ev-
ident. We investigated the statistical significance of this re-
sult by performing an F-test to the spectral fitting. To guar-
anty a statistically meaningful F-test we only considered the
data sets with highest quality: XMM-Newton/EPIC/pn and
Chandra/HETGS/zeroth-order. We fitted the five spectra
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Table 3. X-Ray fluxes (0.5-10 keV) estimated for the re-flares. The results are reported at 90% level of confidence. General properties
for the two main outburst experienced by the source, before and after the re-flare period, are also listed to add context to the long term
evolution.
MJD Telescope/ Notes Funabs Γ χ
2/d.o.f.
Instrument (10−10erg s−1 cm−2)
MAIN OUTBURST 2011
55595 Swift/XRT 3rd February 2011, outburst onset 2.55 ± 0.20 1.7 ± 0.05 771/795
55616 Swift/XRT 24th February 2011, outburst maximum flux 22.1 ± 0.20 2.5 ± 0.02 1047/814
55952 Swift/XRT January 2012, after sun constraints period 6.92 ± 0.1 2.4 ± 0.02 925/691
56057 Swift/XRT May 2012, minimum flux after main outburst 1.44 ± 0.1 2.0 ± 0.10 428/528
RE-FLARING PERIOD 2012-2013
56098 Swift/XRT June 2012, 1st re-flare (peak) 3.50 ± 0.10 1.7 ± 0.04 446/399
56140 Swift/XRT August 2012, 1st re-flare (minimum) 1.06 ± 0.02 1.5 ± 0.10 254/212
56225 Swift/XRT October 2012, 2nd re-flare (peak) 3.99 ± 0.25 1.6 ± 0.10 72/55
56320 Swift/XRT January 2013, 2nd re-flare (minimum) 0.40 ± 0.04 1.3 ± 0.20 22/19
56385 Swift/XRT April 2013, 3th re-flare (peak) 1.69 ± 0.10 1.5 ± 0.10 51/39
56414 Swift/XRT May 2013, 3th re-flare (minimum) 0.66 ± 0.07 1.2 ± 0.20 30/32
56467 Swift/XRT Upper limit from Swift/XRT detections in 2013† ≤ 0.01 —
56478 Chandra/HETGS July 2013, 4th re-flare (peak) 0.031 ± 0.001 1.2 ± 0.1 54/65
56547 XMM-Newton/EPIC September 2013, 4th re-flare (minimum) 0.0023 +0.0003−0.0006 1.6 ± 0.1 46/46
MAIN OUTBURST 2016
57444 Swift/XRT February 2016, outburst onset 2.25 ± 0.02 1.6 ± 0.03 785/796
57470 Swift/XRT March 2016, outburst maximum flux 13.9 ± 0.10 2.2 ± 0.01 1289/872
57610 Swift/XRT August 2016, minimum flux after main outburst 0.69 ± 0.02 1.8 ± 0.1 682/695
57640 Swift/XRT Upper limit from Swift/XRT detections in 2016† ≤ 0.01 —
† Upper limits correspond to Swift/XRT spectral fitting that yields errors in Γ above 30% of the estimated value.
simultaneously, using a single component power-law model
with the photon index varying freely, fixed NH = 1.1 and
free normalization parameters to allow differences in the flux
level. If the photon index is set to vary freely, but tied be-
tween observations, we obtain a constant photon index value
of ∼ 1.4±0.1 with χ2/dof = 145.53/144. When we set the pho-
ton index to vary independently per observation, we obtain
different photon index values (see Table 2) and a χ2/dof of
121.28/140. We then apply an F−test on these results and
obtain a probability value of 3.9 × 10−5, suggesting that the
spectral shape does not remain constant as the source fades
into quiescence. However, we found no evidence of a system-
atic softening of the spectra. The Γ = 1.6 ± 0.1 obtained
for the lowest flux observed in the low luminosity period is
consistent to the mean value estimated for the re-flares (Γ =
1.45 ± 0.15) at higher luminosities. It is interesting to note
that spectral softening in the spectra of LMXBs is expected
at low luminosities, regardless of the nature of its compact
object. For the black hole systems the softening seems to
level off at a photon index ∼ 2, while the neutron stars reach
photon indices of 2.5 - 3 (Plotkin et al. 2013; Wijnands et
al. 2015). The relatively hard spectra we found in the case
of IGR J17091-3624, even at its lowest luminosities, might
favor the idea that the source did not reach true quiescence
in 2013.
5 DISCUSSION
5.1 Outbursts properties
During the last two outbursts the source’s X-ray flux
reached similar maximum values but we found two main
differences between them:
i).- Time scales: The high flux levels in the 2011-2013
outburst lasted longer than those in 2016. The decay of the
X-ray emission to the lowest count rates at the tail end of
each outburst was slower for the former.
ii).- Re-flaring: Re-flares are clearly identified in the
long-term light curve for the 2011-2013 outburst. Three
re-flares occurred during the decay of the source’s emission
towards lower count rates and a 4th re-flare was observed
even at its lowest luminosities, while no such re-flaring was
detected in the 2016 outburst.
We note that there are no observations from Swift/XRT
after November 2016 and we cannot rule out that the source
shows re-flaring afterwards. Given that the flux level at
the end of the 2016 outburst is ∼ 2 orders of magnitude
lower than the flux observed at the beginning of the re-flare
period in 2011-2013, we conclude that any subsequent
re-flaring activity in 2016 would be weaker than the one
observed in the former outburst. Moreover, it has been
shown by some authors that many X-ray transients show
different outburst profiles and that re-flare events are not
necessarily active after each outburst in LMXBs (Parikh et
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Figure 3. Tail end of the 2011-2013 outburst. We present the estimated fluxes (top panel) and photon index values (bottom panel)
for IGR J17091-3624 at the last part of its 2011-2013 outburst. Swift/XRT, Chandra/HETGS and XMM-Newton/EPIC data are marked
with black dots, red pentagons and yellow diamonds, respectively. Sun constraints periods are indicated by shaded gray areas. The black
arrow marks the upper limit for the flux obtained from Swift/XRT spectra with the lowest count rates. The dashed line indicates the
flux level (4.3 × 10−10 erg cm−2 s−1) and photon index value (Γ = 1.7) reported by Krimm & Kennea 2011 for the outburst onset in
2011. The flux of the source was found to be always below the outburst onset value along the whole re-flaring period, with no significant
evidence of temporal evolution in the spectral shape.
Figure 4. The low luminosity period. We present the estimated fluxes (top panel) and photon index values (bottom panel) for IGR
J17091-3624 at the very end of its 2011-2013 outburst. Swift/XRT, Chandra/HETGS and XMM-Newton/EPIC data are marked with
black dots, red pentagons and yellow diamonds, respectively. Sun constraints periods are indicated by shaded gray areas. Black arrows
mark the upper limits from Swift/XRT detections. The dashed lines indicate the flux level (9±5 × 10−14 erg cm−2 s−1) and photon index
value (Γ = 1.6) reported by Wijnands et al. (2012) for the previous quiescent period of the source in 2006. Slightly variability is observed
in the X-ray flux but we did not find strong evidence of softening in the spectra.
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al. 2017; Capitanio et al. 2015).
In this context, the absence of re-flares after the 2016
outburst would not be an unusual behavior for a LMXB
like IGR J17091-3624 either.
5.2 The re-flaring activity
What makes the re-flaring activity in LMXBs still puzzling
nowadays is that recent studies show that several sources
do actually transit from hard to soft states and back dur-
ing the re-flares (e.g. MAXI J1535-571 and GRS 1739-278;
Yan & Yu 2017; Parikh et al. 2019; Cu´neo et al. 2020). For
these sources it’s been argued that the transition hard-to-
soft/soft-to-hard during the re-flare would depend on the
transition luminosity of the main outburst. Only when the
luminosity at the re-flare reaches the level at which the hard-
to-soft transition happened for the main outburst, the source
will transit to the soft state during the re-flare, otherwise
it will not. In Fig. 3 we showed that the flux obtained for
the re-flares of IGR J17091-3624 never went above the flux
level reported for the outburst onset, which is actually be-
low the flux level of the hard-to-soft transition (Krimm &
Kennea 2011; Shaposhnikov 2011). This might explain why
the source did not transit back to the soft state, showing no
change in the photon index values, in any of the re-flares. We
are aware that simultaneous and quasi-simultaneous X-Ray
and Radio/NIR/Optical/UV follow up of IGR J17091-3624
re-flares are needed to better constraint their properties, but
this analysis is out of the scope of the present work.
5.3 Black hole or neutron star system
To accurately distinguish between a BH and a NS
LMXB often requires direct measurements of the physical
properties of the compact object such as orbital parame-
ters, masses and, when possible, to probe the existence of an
event horizon or star’s surface. Unambiguous observational
probes that serve to this purpose are: i).- Thermonuclear
bursts and pulsations (only observed in NSs, Strohmayer &
Bildsten 2006; Galloway, et al. 2008 and references therein),
and ii).- Mass estimates based on radial velocity measure-
ments (for NS M? ≤ 3 M and M? ≥ 3 M for BH systems).
In the particular case of IGR J17091-3624, no thermonuclear
bursts or pulsations are observed in its light curves and no
direct measurement of its mass has been reported so far.
The fact that its variability in outburst resembles the one
observed in the BH GRS 1915+105 has been often accepted
as strong evidence to classify it as a BH LMXB. However,
the NS source MXB 1730-335 has also shown similar X-ray
variability (Bagnoli & in’t Zand 2015), probing that this
kind of variability is unrelated to the nature of the accretor.
The similarities with GRS 1915+105 have been used in pre-
vious works to constrain the mass of compact object inside
IGR J17091-3624, but while some authors place the mass
of the system very close to the NS regime (M ≤ 5 M, see
e.g. Altamirano et al. 2011 and Rao & Vadawale 2012) other
studies favor the BH scenario by suggesting a higher mass
for this source (between 8.7 - 15.6 M, Rebusco et al. 2012;
Altamirano & Belloni 2012; Iyer et al. 2015). To further in-
vestigate the nature of the accretor in IGR J17091-3624, we
considered the possible contribution of a thermal compo-
nent in the X-ray spectra. Assuming that IGR J17091-3624
hosts a NS, we can analyse its X-ray emission at low lumi-
nosities to account for the thermal emission associated to
the NS surface. Since we have stated in Section 3.2 that
multi-component models are not well constrainted due to
the lowest count rates in our spectra, it is only possible to
estimate an upper limit for the neutron star temperature.
We considered canonical values for the NS (MNS = 1.4 M,
RNS = 10 km) and the normalization fixed to unity, with the
temperature as the only free parameter during the fitting.
For D = 8kpc and D = 35 kpc, we obtained an upper limit
for the neutron star temperature (as seen by an observer
at infinity) of kT∞e f f ∼ 68 eV and kT∞e f f ∼ 136 eV, respec-
tively. It is interesting to note that a value of kT∞e f f ∼ 136
eV would be in fact very consistent with the temperature
reported for the NS SAX J17508-2900 when this source de-
veloped post-outburst ’rebrightenings’, similar to those ob-
served in IGR J17091−3624, after its 2008 outburst (Parikh
& Wijnands 2017). If this hot thermal component is con-
firmed, our results would place IGR J17091-3624 among the
hottest known NSs and rather peculiar. Although the de-
tection of a thermal contribution in the spectra of LMXBs
at their lowest luminosities could be attributed to the NS
nature of the accretor, some studies have shown that for
several NS systems such as SAX J1808.4−3658 and EXO
1745−248 the X-ray spectra in quiescence are well described
with a pure power-law spectrum. These results would nec-
essarily imply that probing the non-existence of a thermal
component might not be enough to exclude a NS system
inside IGR J17091-3624 (see e.g. discussion in Degenaar &
Wijnands 2012).
5.4 The true quiescent state
To investigate this we can start by assuming that the
lowest fluxes observed do correspond to the quiescent state
of IGR J17091-3624, estimate its quiescent X-ray luminos-
ity (Lq) and compare it with the known distribution of BHs
and NSs luminosities in quiescence. Since the distance to
IGR J17091-3624 is still unknown, we considered the wide
range of distances found in the literature (e.g Rodriguez et
al. 2011; Capitanio et al. 2012; Wijnands et al. 2012; Janiuk
et al. 2015). We estimated Lq ranging between 1.7-4.6 × 1033
ergs s−1 and 1.1 - 3.4 × 1034 ergs s−1 for distances of 8 - 13
kpc and 20 - 35 kpc, respectively. In Figure 5 we show the
X-ray luminosity (Lx) vs orbital period (Porb) of confirmed
NS and BH systems at quiescence, taken from Reynolds &
Miller (2011). NS and BH systems are plotted with blue and
black symbols, respectively. We mark the upper and lower
limits with arrows. Based on our estimated Lq, we indicate
the approximate location of IGR J17091-3624 within this di-
agram. Given that no orbital period has been determined for
IGR J17091-3624, we use a horizontal green strip (at the top
of the figure) to compare the source with the known NS and
BH binaries. If IGR J17091-3624 was in true quiescence at
this time, our results would place the source among the few
BH LMXBs with significantly high Lq. These findings are
consistent with those reported by Wijnands et al. (2012),
which pointed out that the high luminosity obtained would
entail an orbital period ≥ 200 hrs for IGR J17091-3624. They
argue that such a long orbital period would favor the BH na-
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ture of the binary system, given the orbital period observed
in GRS 1915+105. Their results also suggest that the high
luminosity found for IGR J17091-3624 could imply that the
source has not reached true quiescence at the time of the ob-
servations in 2006-2007. Similar results are found when we
compare IGR J17091−3624 with the NS LMXBs population.
The estimated Lq would place IGR J17091−3624 also among
the few NS sources, such as EXO 0748−676 (the blue star
in the green shaded area), with relatively high luminosity
in quiescence. Although, based on the evidence of residual
accretion in quiescence provided by Dı´az Trigo, et al. (2011)
and peculiarities pointed out by Degenaar et al. (2011), EXO
0748−676 seems to be more an exception than the rule. Irre-
spective of the acretor inside IGR J17091−3624, an estimate
of the normalized Eddington luminosity for distances D =
8 - 35 kpc yields lx = 10−6 to 10−5 (as defined by Plotkin
et al. 2013 and with M = 8 - 16 M taken from Iyer et al.
2015) which is just above the upper limit value expected for
the quiescent state (lx ∼ 10−5.5). Therefore, it is highly likely
that we have not seen the source at its true quiescent state
so far.
5.5 Spectral evolution with X-ray luminosity
The analysis of the X-ray emission of different NS and BH
binaries demonstrated that, irrespective of the nature of the
compact object, their spectra seem to become softer with de-
creasing luminosities (see e.g. Reynolds et al. 2014; Plotkin
et al. 2013). Moreover, Wijnands et al. (2015) suggested that
there is a clear difference in spectral properties of the global
population of BH and NS systems at luminosities below 1035
ergs s−1. In Fig. 6 we present the photon index (Γ) and corre-
sponding X-ray luminosity (Lx) for different LMXBs taken
from Wijnands et al. (2015). A strong correlation between
decreasing luminosity and softening of the spectra is ob-
served in both types of LMXBs. But, while the spectra from
neutron star systems become softer at relatively high lumi-
nosities, ∼ 1036 ergs s−1, for the black holes systems softening
is only seen after they reach luminosities below 1034 ergs s−1.
Additionally, the photon index values in the case of BH bina-
ries seem to plateau around Γ ∼ 2.0 towards quiescence state
(Plotkin et al. 2013), whereas higher Γ values are found in
the case of neutron star systems. To analyse the behaviour
of IGR J17091-3624 in the context of the whole population
of LMXBs, we have plot in green squares the correspond-
ing Lx and Γ obtained from Swift/XRT, XMM-Newton and
Chandra data for distances of 8 kpc (top panel) and 35 kpc
(bottom panel), respectively. In the high Lx regime, above ∼
1036 ergs s−1, our results nicely trace an hysteresis loop with
the corresponding transitions from hard-to-soft and soft-to-
hard states for the outbursts of the source in 2011 (open
symbols) and 2016 (filled symbols). It is also seen from this
plot that, below Lx=∼ 1036 ergs s−1, IGR J17091-3624 lumi-
nosity drops by 2 orders of magnitude but its spectra never
become softer than 1.7. Under the assumption that softening
in the spectra of neutron star binaries is expected to occur
at luminosities below 1036 ergs s−1, we conclude that:
i.- For IGR J17091-3624 located at a distance of 8 kpc (top
panel) the source reached Lx as 1033 ergs s−1 with no evidence
of softening in the spectra, which would ruled out a NS na-
ture for the acretor. Nonetheless, the photon index found for
IGR J17091-3624 is slightly harder than the expected values
for a BH source.
ii.- If the source is located at larger distances (bottom panel,
at D = 35 kpc), the observed trend seems to be better match
the values found for the BH population rather than that of
the NS systems.
6 CONCLUDING REMARKS
We presented a general description of the X-ray emis-
sion of IGR J17091-3624 during the past 10 years as seen by
Swift/XRT, Chandra and XMM-Newton. We clearly identi-
fied the 2011-2013 outburst showing flare-like behaviour and
characterized the low level variability observed from June to
October 2013 at a flux level below 5 × 10−10 erg cm−2 s−1.
We observed that the source reached the same flux level
at the tail end of the 2016 outburst but showed no vari-
ability of any kind. Based on the analysis of the long term
Swift/XRT light curve we found that the last two outbursts
of IGR J17091-3624 evolved on different timescales. Using
XMM-Newton and Chandra data, we found that the X-ray
flux from the source changes by a factor of ∼ 5 to 10 at its
low luminosity period in 2013, but we did not find strong ev-
idence of spectral softening at this stage which might imply
the source has not been observed in its true quiescent state
so far. We compared the spectral properties of IGR J17091-
3624, during its transition to quiescence, with the spectral
behaviour observed in the whole population of LMXBs, and
conclude that the acretor inside this object seems to behave
more like a BH source rather than a NS.
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Figure 5. Lx vs Porb for confirmed NS (blue stars) and BH (black dots) binaries. Gray and blue shaded areas mark the expected
distribution for these two populations within this diagram, according to Reynolds & Miller (2011). We marked with a hatched region
the approximate location of IGR J17091-3624. The orbital period of GRS 1915+105 is also indicated, close to the right edge of the plot,
with a dotted vertical line.
Figure 6. Spectral evolution of LMXBs with decreasing luminosity. Photon index and X-ray luminosities for BHs (black dots) and NS
(blue stars) systems taken from Wijnands et al. (2015). The squares in green indicate the luminosity and photon index values obtained
for IGR J17091-3624 at its last two outbursts. We present in the top panel the luminosity values obtained considering d = 8 kpc and at
the bottom panel, the values obtained when we assumed d = 35 kpc.
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